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I.  SUMMARY 

V 

A.  A  study  was  V*er«^a*  the  benefits  to  be  derived  by  replacing 

the  M30A1  granular  »;:?  propelling  charge  by  M31E1  stick-type 

propellant.  Result*  of  tv?  * 

^  1»  The  req-Ir*.:  ^e«E  «- „*  and  chamber  pressure  Gan  be  achieved 

using  29.3  lbs  of  M3IE1  ti&ims  s*  »  propellant, 

(2;  The  pressure  w*t*  jeatrat loc  is  at  or  below  1500  psi  negative  differen¬ 
tial  pressure/ 

'  3^  Calculations  show  that  flash  will  be  eliminated^ 

(  *»j  Calculations  show  that  blast  overpressure  reduction  of  about  12%  can 
be  achieved  as  a  result  of  reduced  muzzle  energy  due  to  the  lower  flame  temperature 
propellant.  Elimination  of  secondary  flash  may  result  in  further  blast  reduction. 

5,  Gun  tube  wear  life  can  be  increased  by  as  much  as  100%  based  on  the 
steel  tube  M199  cannon  u-ted  in  the  M198  weapon,,  /  fl  r, 

(  6>  Recoil  momentum  (RM)  is  onl  •  slightly  affected  by  the  use  of  the  cool 
M31E1  stick  propellant  charge.  Calcula;  ions  based  on  actual  pressure-time  traces 
show  no  increase  in  RM  relative  to  the  M203  charge'  while  the  standard  calculation 
shows  an  increase  of  1.5%.  The  maximum  allowable  recoil  is  approximately  10%  above 
the  calculated  values. 

[\ 

R.  The  cost  of  M31E1  sticV  propellant  is  $8. 13/lb  (FV80  dollars)  using  the 
batch  process.  This  cost  is  reduced  to  $3. 55/lb  by  utilizing  a  medium  risk  auto¬ 
mated  process.  The  current  price  of  M30A1  granular  propellant  is  $2. 83/lb  (including 
the  cist  of  nitroguanidine).  The  LAP  of  the  stick  charge  is  simpler  and  less  costly 
< approximately  by  half)  than  the  granular  M203  charge.  A  complete  stick  propelling 
charge  is  estimated  to  cost  $300.00  (near  term)  and  $165.00  (long  term)  in  FY80 
dollars.  The  current  cost  of  the  M203  charge  is  $180.00  A  price  of  $395.00  was 
recon*ly  quoted  for  the  comparable  UK  Cartridge  III  "harge. 


II.  INTRODUCTION 


Tlie  objective  of  this  study  is  to  determine  the  potential  benefits  that  may 
be  derived  from  the  use  of  low-flame  temperature  M31E1  stick  propellant  for  the 
155mm  M203  charge  and  to  analyze  the  economics  of  stick  propellant  charge  manu¬ 
facture. 

Stick  propellant  has  been  advocated  for  a  backup  propelling  c  targe  for  a 
number  of  years,  but  has  never  gotten  beyond  the  development  stage  for  artillery 
because  of  the  high  costs  resulting  from  additional  handling  in  the  batch  process. 
Limited  development  studies  were  conducted  in  fiscal  years  1974,  1975  and  1976, 
in  which  the  objectives  were  essentially  to  duplicate  the  UK  Cartridge  III  Charges. 
Feasibility  of  using  M30A1  stick  propellant  was  demonstrated  (XM208),  but  funds 
were  terminated  when  type  classification  of  the  M203  charge  became  imminent. 

In  1978,  an  advanced  development  program  was  initiated  which  focused  on  the 
use  of  short,  stick/stacked  charges.  If  short  stick  charges  could  be  used,  it 
was  believed  that  manufacturing  costs  could  be  reduced  substantially  because  only 
minimal  plant  modification  would  be  required.  It  was  also  recognized  that  LAP 
facilities,  especially  with  regard  to  a  stacking  mechanism,  would  have  to  be 
addressed. 

More  recent  data  indicate  that  the  3"  stacked  charges  (9  stacks)  in  an  M203 
configuration  produce  pressure-time  traces  which  are  not  as  smooth  as  desired  in 
the  M185  cannon.  For  this  reason,  and  for  reasons  of  the  possible  difficulty  of 
designing  a  stacking  machine,  the  development  of  full  length  (  27")  stick 

charges  is  currently  favored.  However,  the  slacking  approach  is  still  under 
consideration. 

There  are  four  important  findings  from  ballistic  testing  of  stick  propellant: 

1.  Reduced  negative  pressure  wave  generation  (and  enhanced  safety)  is  observed 
with  stick  propellant  relative  to  7-perforated  granular  propellant. 

2.  Zone  8  muzzle  velocity  and  peak  pressure  can  be  achieved  with  less  stick 
propellant  as  compared  to  7-perforated  grains  of  the  same  propellant . 

3.  Ignition  delay  of  the  stick  propellant  charges  is  about  30%  less  using  a 
base  pad  igniter  than  with  the  M203  charge  using  the  center  core  igniter. 

4.  The  loading  density  of  stick  propelling  charges  is  higher  than  for  granular 
charges.  For  the  155mm  systems,  this  permits  use  of  lower  flame  temperature  pro¬ 
pellant,  such  as  M31ES  in  place  of  the  M30A1  now  used  in  the  M203  propelling  charge. 

In  the  8"  system,  M31E1  propellant  was  used  in  granular  form  to  reduce  flash. 
Approximately  5  lbs  more  of  this  cool  burning  propellant  was  used  to  meet  ballistic 
requirements.  With  this  substitution,  flash  's  eliminated,  the  blast  overpressure 
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is  reduced  by  10  to  15%  and  the  wear  lifa  of  the  gun  tuba  1b  doubled,  These  re¬ 
sults  could  essentially  be  duplicated  in  “he  1  SSran  eystem,  if  the  Base  substitution 
could  take  place.  Unfortunately ,  the  155mm  system  has  a  relatively  analler  chamber 
and  the  amount  of  M31E1  granular  propellant  required  to  Met  ballistic  performance 
will  not  fit.  However,  by  eliminating  the  center  core  igniter  and  making  the  H31L'l 
in  long  stick  of  smaller  diameter,  it  is  possible  to  sake  the  substitution  to  ths 
lower  flame  temperature  propellent. 

III.  PERFORMANCF  ANALYSIS 

A.  XM  -  Stick  Propelling  Charge  Design 

The  charge  (Figure  1)  consists  of  a  28-inch  long  bundle  of  alot-ed,  single- 
perforated  (SSP)  M31E1  stick  propellant.  This  propellant  module  weighs  29,3  pounds, 
is  28  inches  long,  and  is  assembled  as  a  unit;  using  tape  overwraps  in  five  places. 

A  sheet  of  lead  foil  is  wrapped  around  tha  module  on  the  forward  end  and  is  secured 
by  tape,, 


The  base  pad  end  igniter  consists  of  a  base  pad  bag  containing  2  oz.  Class 
I  Black  Powder  which  is  tacked  to  the  propellant  bag  after  the  charge  module  is  in¬ 
serted. 


It  will  be  noted  that  the  propellin$5  charge  does  not  contain  the  following 
elements  which  are  part  of  the  current  H203  propelling  charge  (Figure  2). 

-  Lacing  Jacket 

-  Center  Core  Igniter  (Snake  Bag  Plus  Tube) 

-  Wear  Additive  Liner  (Wax  Titanium  Dioxide) 

-  Flash  Reducer 

The  absence  of  these  elements  has  significant  implications  in  potential 
cost  reduction,  improved  reliability,  and  iuapectabiiity  (elimination  of  center 
core  igniter),  and  residue  (reduced  quantity  of  inert  material). 

The  charge  design  has  been  fabricated  and  six  tirings  conducted  using  an 
80  r.P  web  M31E1  propellant.  The  test  results  show  that  this  charge  will  fit  the 
M185  chamber  (M109A3  weapons)  and  the  M199  chamber  (M196  weapon);  also  the  required 
ballistics  are  achievable. 

Previous  tests  conducted  d-iring  the  development  of  the  XM208  propelling 
charge  included  extensive  tests  of  the  various  ignition  systems  and  materials 
suitable  for  stick  charge  ignition.  These  included  center  core  black  powder,  with 
black  powder  base  pad,  black  powder  base  pad  only,  CBI  base  pad,  CBI  with  black 
powder  spot  and  various  sizes  of  black  powder.  Results  of  these  tests  showed  that 
the  least  ignition  delay  and  best  ballistic  uniformity  were  obtained  with  the  black 
powder.  Class  I  base  pad  ignition  system.  In  contrast,  the  CBI  it  iters,  however 
augmented,  provided  almost  twice  the  ignition  delay  and  appeared  to  increased  shot 
to  shot  variability.  Residue  from  the  igniter  was  substantially  reduced  using  CBI. 
To  enhance  RSI,  additional  testing  must  be  conducted  to  provide  the  best  trade  offs. 
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Figure  1 

STICK  PROPELLENT  CHARGE  DESTCH 


CHARGE,  PROPELLING, 
155MM,  M203 


B.  Wear  and  Erosion  Analysis 

The  current  155mm  M198  weapon  system  has  a  demonstrated  wear  life  of  1750 
rounds.  Substantial  cost  savings  can  be  achieved  if  the  number  of  rounds  that  can 
be  fired  before  condemnation  are  inoreased.  Previous  work  has  shown  that  gun  tube 
wear  is  closely  related  to  the  flam*  temperature  of  the  propellant.  Although  the 
wear  life  can  be  improved  through  the  use  of  wear  additives  such  as  wax-titanium 
dioxide  mixtures,  talc,  or  gels  containing  entrained  water,  the  erosion  rate  is 
still  primarily  dependent  on  the  temperature  and  quantity  of  the  gases  flowing 
over  the  tubi  motal. 

The  theoretical  semi- empirical  method  used  for  predicting  the  wear  rate  fot 
this  study  used  Smith  and  0'‘Brasky  equations  (see  Appendix  A).  In  addition  to  using 
demonstrated  gun  wear  estimates,  actual  wear  data  from  firing  “csts  were  used  for 
these  predictions.  A  summary  of  the  demonstrated  wear  life  and  the  values  calcu¬ 
lated  is  provided  in  the  following  table.  Calculations  and  formulas  are  contained 
in  Appendix  A, 


TABLE,  I  -  WEAR  LIFE  PREDICTION  OF 
H31E1  STICK  PROPELLING  CHARGE 


Charge 

H203 

NM208 

H31E1  Stick 

UK  '.TO  III 

Wt  lb 

26 

25 

29.3 

26.22 

Propellant 

M30A1 

H3GA1 

M31E1  type 

NQ 

o 

Blame  T  K 

3050 

3050 

2600 

2800 

Chamber  Pres, 

nra 

324.1 

324.1 

317,2 

344 , 6 

Wear/id 
mm  x  IQ** 
rd 

4_ , 379 

38.714 

19.593 

28.679 

Wear  Life  Rds 
Calculated 

1750* 

1750 

I860 

3680 

3Q00*1 

2427 

Calculated  Life 

Based  on 

M203 

*Demonstra+ ud  from  firing  test  data 

Based  on  the  foregoing  tables,  the  M31E1  stick  propellant  should  double  the  life 
of  the  gun  tube. 

^Page,  T.,  Private  Communication,  RARDE  United  Kingdom  Visit  to  USA,  Oct  1979. 
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C.  Flash  and  Blast  Overpressure 


1,  Flesh  Analysis 

The  theoretical  calculations  for  determining  gun  muzzle  flash  were 
based  on  methodology ^developed  by  I.  W.  May  end  S,  E,  Einstein  in  "Prediction 
of  Gun  Muzzle  Flash" ^  and  F,  Carfagno  in  his  Handbook  on  Gun  Flash. 

Secondary  flash  and  blast  effects  are  dependent  on  the  residual 
energy  in  the  exhaust  gases  exiting  the  muzzle  and  the  quantity  of  the  relatively 
high  percentage  of  combustible  gaseous  products  of  propellant  combustion.  Igni¬ 
tion  of  these  products  of  combustion  results  from  heating  to  the  ignition  point 
the  combustible  products  and  entrained  air  by  the  shock  wave  compression.  Most 
gun  propellants  provide  concentrations  of  40%  to  70%  combustibl es .  In  this  con¬ 
centration,  critical  ignition  temperatures  arc  almost  constant,  approximately  900°K, 
Salts  of  potassium  suprcsscs  ignition  via  a  free  radical  chain  breaking  mechanism, 
in  effect  raising  the  critical  Ignition  temperature.  Carfagno's  predictions,  based 
on  shock  tube  data,  show  that  flash  will  occur  if  physical  heating  of  the  gas,  due 
to  shook  wav®  compressive  heating,  exceeds  the  chemical  ignition  limits. 

For  this  study,  the  muzzle  gas  temperature  and  pressure  were  computed 
given  the  total  propellant-  energy  and  the  energy  lost  in  acceleration  of  the  pro 
jectile.  The  gases  were  expanded  to  atmospheric  conditions  and  mixed  with  an 
arbitrary  ratio  of  air.  The  temperature  of  the  gases  were  computed  through  the 
shock  wave  fronts.  The  resultant  temperatures  were  then  compared  to  the  critical 
temperature  and  the  amount  of  flash  reducer  required  for  complete  suppression  of 
flash  was  calculated.  The  equations  for  these  calculations  are  shown  in  Appendix  R. 

Based  on  the  results  from  Table  II,  there  is  a  distinct  tendency  for 
l lash  using  H30E1  propellant.  Although  it  contains  1%  potassium  sulfate,  excessive 
smoke  is  produced  and  other  thermomechanical  effects  preclude  using  more  than  2% 
potassium  sulfate  in  any  propellant,  therefore,  the  remainder  must  be  added  in  3 
flash  reducer  bag,  As  the  potassium  sulphate  added  in  the  bag  is  only  partially 
utilised,  16  os  is  required  in  the  M203  charge  to  provide  flash  reduction.  Under 
dry  air  conditions,  flash  is  still  observed  when  firing  the  N2C3  propelling  charge, 
M31F1  propellant  which  also  contains  1%  potassium  sulfate  shows  no  secondary  flash 
when  used  in  8-inch  188A1  propelling  charges.  Table  III  provides  a  comparison  of 
results  obtained  in  the  8~inch  howitzer. 


‘Hay,  I,  W,  and  Einstein,  S,  I.,  "Prediction  of  Gun  Muzzle  Flash",  1979. 
3Carfagno,  F.  P.,  Handbook  on  Gun  Flash.  The  Franklin  Institute,  Nov  1961. 


7 


TABLE  II  -  FLASH  ANALYSIS 


Weapon  155mm 


Charge 

M203 

XM208 

UK  CTG  III 

Propellant 

M30A1 

M30A1 

Cordite  NQ 

Geometry 

MP7 

Stick 

Stick 

Propellant  Force 
K- ft /lbs /lb 

359 

359 

353 

Propellant  Ht, 
(lbs) 

26 

25 

27.2 

Flame  Temp 

3,033°K 

3 ,033°K 

2,836°K 

Shock  Temp  Hex* 

1,287 

1,277 

1,182 

UK  CTG  III  Low  Flame  Temp  Propelling  Charge 
Cordite  NQ  M31E1 


Stick 

329 


2,550°K 


1,022 


*Critical  Temperature  for  Ignition  to  Produce  Secondary  Flash  is  1125°K 


TABLE  III  -  ZONE  8  M188A1  FLASH  TEST  RESULTS 
Propellant  Flash  Reducer  p_ 


f'oOAi  4  oz  HP;  12  o3  K.?S04 

M30 

M30 

M31 

M31E1 


In  Propellant 
1%  k2so4 

2.7%  KN03 
3.6%  KN03 

1%  k2so4 


Peak  Candle  Power 
TxlO6) 

2.3  to  4.1 

0.35  to  1.3 

1.6  to  2.1 

0,84 

0 
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2.  Blast  Overpressure  Analysis 


Recent  reports  by  the  Project  Manager  for  Blast  Overpressure  show 
that  crew  members  may  be  subjected  to  physical  damage  by  repeated  exposure  to 
excessive  blast  overpress ureft  A  statement  of  the  problem  is  giver  in  a  recent 
ARRADCOM  Report.1*  Standards4 5  set  by  the  Amy  indicate  that  both  peak  pressure 
and  duration  of  the  blast  wave  are  contributing  factors  to  this  damage.  Figure 
3  shows  the  blast  overpressure  limits  in  the  crew  area.  A  trade-off  study  pre¬ 
viously  conducted  shows  that  reductions  in  charge  weight  will  provide  s-  f icient 
blast  overpressure  reduction  to  meet  the  current  standaris,  but  resulting  velocity 
reductions  and  loss  in  range  are  unacceptable  for  weapon  system  survival ' lity. 


In  1976  and  1977,  tests  were  performed  on  the  8-i«ch  howitzer  in 
which  M188A1  charges  containing  M31E1  propellant  were  evaluated  for  muzzle  flash 
and  blast  overpressure  and  compared  to  ballistically  similar  charges  containing 
M30A1  propellant.  The  data  presented  in  Table  IV  demonstrate  that,  for  ballisti¬ 
cally  similar  changes,  a  low- flame  temperature  propellant  M31E1  containing  1% 
flash  suppressani  (K2SO4),  a  15%  reduction  in  blast  overpressure  occurs  and  secon¬ 
dary  muzzle  flas1 ,  is  suppressed.  Analysis  of  the  blast  overpressure  waves  with 
M30A1  propellant  shows  two  peaks  at  approximately  4  and  5  msec,  respectively. 

The  second  overpressure  peak,  in  all  cases,  is  most  affected  by  reduction  in 
secondary  flash.  On  the  average,  the  first  peak  is  reduced  by  7%  and  the  second 
by  approximately  15%.  Appendix  C  shows  the  gage  positions  at  which  data  were 
taken.  3y  analogy  a  similar  reduction  can  be  expected  through  the  same  replacement 
in  the  155mm  weapons.  Further,  the  use  of  the  higher  efficiency  stick  form  of 
M31E1  propellant  may  further  reduce  the  blast  overpressure  since  less  stick  pro¬ 
pellant  is  needed  compared  to  the  granular  to  achieve  ballistics. 


The  computation  of  blast  overpressure  for  155mm  weapons  was  based 
on  a  model  described  in  a  report  by  T.  D.  Taylor  and  T.  C.  Lin6.  The  equation  for 
this  model  is  shown  in  Appendix  Df  Since  the  blast  overpressure  fields  around 
the  gun  resulting  from  muzzle  blast  are  quite  complex  and  components  of  the  blast 
wave  can  arrive  at  a  particular  point  at  different  times  from  various  directions, 
muzzle  brakes  and  ground  reflections  were  not  included  in  the  calculated  analysis. 
The  latter  complications  make  the  problem  far  too  complex  for  this  analysis  and 
would  result  in  inaccurate  prediction  of  blast  overpressure.  Therefore,  this 
analysis  applies  to  a  155mm  weapon  (without  muzzle  brake)  mounted  on  a  towed 
howitzer  bed. 


4Radsky,  P.  B.  Capt,,  "A  Report  on  Muzzle  Blast  Overpressure",  ARRADCOM 
Report  No.  ARSEM  79.6. 

5MIL-STD-1474B  (Ml),  "Noise  Limits  for  Army  Materiel",  18  June  1979. 

^Firing  Report  No.  P-82634,  "Assessment  of  M31E1  Propellant  for  188E1  Charge 
for  8"  Howitzer",  21  Dec  1977. 
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In  the  past,  good  correlation  of  actual  blast  measurements  with 
calculated  values  were  achieved  for  a  number  of  weapons.  This  correlation, 
however,  was  found  to  break  down  under  certain  atmospheric  conditions,  e.g. 
low  cloud  ceiling,  high  air  density  and  high  humidity.  Corrections  for 
variability  in  atmospheric  conditions  have  not  been  developed.  There  also 
may  be  variability  of  data  from  different  test  sites  because  of  height  above 
sea  level,  differences  in  terrain  features  (including  struc^  ^es  as  well  as 
the  prevailing  climatic  conditions. 

Based  on  the  results  shown  in  Table  V,  the  M31E1  type  stick  pro¬ 
pellant  can  provide  a  reduction  in  blast  overpressure  at  the  crew  position  of 
approximately  12%.  A  further  blast  reduction  may  be  realized  via  elimination 
of  secondary  flash.  Extensive  flash  is  observed  particularly  in  the  M109A2/A3 
howitzers  using  the  M185  cannon  and  less  so  in  the  Ml 99  howitzer  using  the  M199 
cannon.  The  muzzle  brake  on  the  M183  cannon  is  considered  to  be  of  greater 
efficiency  than  the  M199.  The  higher  efficiency  muzzle  brake  directs  the  blast 
to  the  vicinity  of  the  crew  positions.  Thus,  muzzle  brake  design  must  be  con¬ 
sidered  in  any  attempt  to  reduce  blast  overpressure  to  acceptable  levels. 

Tests  conducted  in  the  M158  weapon  with  and  without  muzzle  brake 
show  that  the  crew  area  blast  overpressure  with  a  muzzle  brake  is  approximately 
2.5  times  the  overpressure  without  a  muzzle  brake.  Using  the  calculated  value 
of  0.66  psi  at  the  crew  position  (Table  V),  the  blast  overpressure  then  calcu¬ 
lates  to  1,65  psi  which  is  about  1  psi  lower  than  the  measured  value.  Thus, 
the  calculated  results  can  only  be  viewed  on  a  relative  basis. 
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TABLE  V  -  COMPARISON  OF  BLAST  OVERPRESSURE 


Charge 

M203 

XM208 

M31E1  Stick 

Propellant 

H30A1 

M30A1 

M31E1 

Fora 

7  MP 

Stick 

Stick 

Overpressure  PSI 

AP 

AP 

AP 

Breech 

3.924 

3.029 

2.92 

Gage  9 

15.56 

9.20 

8.87 

Gage  7 

3.60 

3.39 

3.26 

Gage  5 

1.51 

1.41 

1.36 

Gage  3  (crew  position) 

.73 

.69 

.66 

Gage  4  (crew  position) 

.52 

.48  - 

.47 

Decibels 

DB 

DB 

DB 

"  '  r 

Gage  9 

194 

190 

189 

Gage  7 

181 

181 

181 

Gage  5 

174 

174 

173 

Gage  3  (crew) 

168 

168 

167 

Gage  4  (crew) 

165 

164 

164 

Blast  Duration 

t 

t 

t 

Miliseconds 

Gage  9 

135 

92 

91 

Gage  7 

93 

91 

90 

Gage  S 

84 

82 

80 

Gage  3  (crew) 

70 

68 

67 

Gage  4  (crew) 

74 

73 

72 
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D.  Recoil  Momentum 

A  charge  assessment  firing  test  was  conducted  at  ARRADCOM,  Dover  site, 
the  propellant  evaluated  was  Radford  Lot  RAD-PE-472-80,  the  firet  lot  of  M31E1 
stick  propellant  manufactured  by  RAAP.  All  rounds  Here  fired  in  a  155mw  howitzer 
MJ.85  tube  without  a  muzzle  break.  The  projectiles  used  were  95  lb  inert-filled 
M101  projectiles. 

fhe  Weapons  Division  of  LCWSL  has  stated  that  the  maximum  allowed 
raw  impulse  (tubes  without  muzzle  breaks)  is  53,500  lb-secs. 

The  pressure-time  traces  generated  during  the  firing  test  -.ere  inte¬ 
grated  to  yield  the  momentum  (expressed  as  K  lbs-secs).  In  addition  to  the  two 
M31E1  stick  propellent  charges,  three  charges  containing  M30A1  granular  propellant 
were  fired  as  controls. 

The  momentum  results  are  in  Table  VI. 

TABLE  VI 

RECOIL  MOMENTUM  COHPARI SON 


Round  No. 

Charge 

645 

M31E1  Stick 

646 

M31E1  Stick 

64? 

H30  Grant'  lar 

648 

M30  Grai.ular 

649 

N30  Granular 

Prop  Wt .  Momentum  (Kf-sccs) 


lbs 

29 

12.30 

29 

12.05 

26 

12.05 

26 

12.45 

26 

12.18 

None  of  these  test  rounds  exceeded  the  maximur  allowed  raw  impulse  of  13,500  lb-sec 
for  both  the  M109A3  and  M198  systems. 
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IV.  STICK  PROPELLING  CHARGE  MANUFACTURE 


A.  Stick  Propellant  Manufacture 

Stick  propellant  manufacturing  capacity  currently  is  30,000  to  900,000 
lb»  a  mort*'  at  Radford  AAP  depending  on  product  mix  and  facility  commitments. 

The  material  is  made  in  a  batch  process,  tray-board  dried,  saw  cut  to  length 
(the  limiting  operation)  and  coats  about  $10/lb.  The  manufacturing  requirements 
for  the  M203  charge  between  1992  and  1986  at  initiation  of  this  Engineering  Study 
(November  1979)  was  120,000  charges  per  year.  Since  then,  the  value  has  increased 
to  150,000  charges/year  and  further,  to  184,000  charges /year,  depending  on  the 
year.  Using  the  120,000  chargo/year  figure,  the  requirement  for  the  M203  charge 
using  the  M30A1  propellant  or  the  M31  propellant  is  as  follows; 

M30A1  -  260,000  lbs/month 
M31E1  -  300,000  lbs /month 

F.f forts  were  therefore  initiated  to  (1)  determine  and  evaluate  the  various 
approaches  that  might  be  used  to  manufacture  stick  propellant,  (2)  determine  the 
feasibility  and  potential  facilitization  cost  of  each  approach  and  (3)  estimate 
propellant  cost  for  the  various  techniques. 

Radford  AAP  was  requested  to  provide  information  on  the  various  approaches 
which  are  briefly  discussed  below: 

Current  Batch  Process  -  Radford  C  line  capacity  for  granular,  multi-base 
propellant  is  2.1  million  pounds/month  with  an  additional  single-base  capacity  of 
1.5  million  pounds /month.  Of  the  2.1  million  lbs,  300,000  lbs  are  committed  to  the 
manufacture  of  special  items,  such  as;  Tow,  Dragon,  155mm  RAP,  etc.  Currently, 
Radford  can  with  some  tooling  costs  produce  150,000  lb/month  of  long  stick  pro¬ 
pellant.  For  approximately  $300K,  300,000  lb/month  could  be  produced  at  a  cost 
of  $8. 86 /lb  FY81  dollars. 

Reactivation  of  CAMBL  Prototype  Line  -  Radford  Army  Ammo  Plant  recommended 
that  no  development  program  be  pursued  on  the  prototype  line  since  the  cost  to  re¬ 
activate  would  exceed  $1  million;  its  reactivation  will  also  pose  safety  problems 
with  the  remainder  of  the  plant.  The  re-establishment  of  the  CAMBL  pilot  line  goes 
beyond  the  immediate  concerns  of  the  study. 

SINA  Viscose  -  Radford  AAP  specifically  objected  to  the  installation  of 
this  process  as  extensive  facility  modification  would  be  required.  Further,  high 
material  line  loss  providing  high  costs  were  inherent  to  the  operations  and  new 
OSHA  requirements  for  reduced  operator  exposure  to  the  propellant  would  not  be 
alleviated.  The  cost  associated  is  not  applicable.  However,  the  process  is 
coBsver^ially  proven. 
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ATS*  Process  -  This  process  incorporates  automated  equipment  to  cut  and 
classify  propellant  sticks,  eliminating  the  need  for  blending  propellant  and  down¬ 
stream  handling,  thus  reducing  operator  exposure.  A  rough  order  of  magnitude  cost 
by  RAAP  shows  the  stick  propellant  costs  would  be  equal  t<~  gr»rular;  facilities 
costs  would  be  approximately  93  million  and  require  -wc  to  three  years  to  deveiO'- 
and  approximately  four  year's  to  bring  into  full-scale  operation.  Propellant  cost 
on  the  basis  of  full-scale  operation  of  the  ATS*  Process  s  -urinated  to  be  $3,87/ 
lb. 

The  facilitieation  coat  and  propellant  coat  estimates  are  presented  in 
Table  vn. 


B.  Stick  Propelling  Charge  Load  Assembly  and  Pack  (LAP) 

The  M203  charge  LAP  "-onsists  of  the  following: 

1.  Additive  Liner  t  Lead 

2.  Bag  Manufacture  with  Lacing  Jacket 

3.  Flash  Reducer  MP 

4 .  Igniter  LAP 

5.  Finish  Line  LAP 

6.  Pallet  LAP 

A  description  of  each  of  these  steps  follows: 

1.  Additive  Liner  -  This  liner  consists  of  a  cloth  coated  on  one  side 

with  titanium  dioxide  in  a  wax  baie  and  with  lead  foil.  The  purpose  of  the  titanium 
dioxide  is  to  reduce  gun  tube  wear.  The  lead  foil  is  used  to  de-copper  the  gur  tube. 

2.  Bag  and  Lacing  Jacket  Manufacture  -  These  operations  require  the  follow¬ 
ing  steps: 

a.  Assembly  of  kidney  bag 

b.  Assembly  of  tube  body  and  strap 

c.  Assembly  of  body  and  liner  assembly  (9278973) 

d.  Assembly  of  base  pad  and  igniter  core  bag  (9278985) 

e.  Assembly  of  flash  reducer  bag 

f.  Manufacture  of  lacing  jacket 

g.  Assembly  of  body  and  end  (9278967) 

3.  Flash  Reducer  -  One  pound  of  potassium  -ulfate  is  placed  in  a  small 
cloth  bag. 


♦Automated  Take-Away  6  Sorting 


STICK  PPOPELLAKT  yAN'JrACT’JRIMG  METHODS 


4.  Igniter  LAP  -  A  snake  bag  is  loaded  with  four  ounces  of  Mack  powder. 
The  filled  snake  is  placed  inside  a  nitrocellulose-based  igniter  tube  and  tied 
to  the  tube.  The  tube  is  fastened  to  the  base  ignitor  pad  which  also  contains 
black  powder.  (928194Q) 

5.  Finish  Line  LAP  -  The  following  steps  are  req^i^ed  for  final  charge 
assembly : 


a.  The  body  and  end  assembly  bag  is  loaded  with  propellant  using 
an  inert  core  red  vibrated  end  aligned  to  assure  a  tight  load. 

b.  The  igniter  assembly  is  inserted  and  the  ‘gniter  bag  tacked  to 
the  propellant  bag. 

c.  The  flash  reducer  donut  bag  is  placed  on  the  muzzle  end  and  the 
tie  straps  tied  down. 

d.  The  lacing  jacket  is  pulled  over  the  charge,  centered  and  pulled 
tight.  (9281897) 

e.  The  charge  is  wrapped  in  paper,  placed  in  the  charge  can  and 
sealed  in  place. 

6,  Pallet  LAP  -  The  charge  cans  are  assembled  horizontally  to  a  wooden 
pallet  and  strapped  for  shipment. 

The  LAP  of  the  stick  propelling  charge  is  expected  to  require  a 
machine  to  bundle  the  stick.  The  operation  may  he  conducted  at  either  the  stick- 
manufacturing  plant  or  at  the  LAF  facility.  The  former  is  preferred  in  the 
initial  analysis,  because  of  potential  reduced  packaging  costs.  Drawings  are 
contained  in  Appendix  E. 

LAP  items  and  operations  which  are  expected  to  be  eliminated,  relative 
to  the  M203  charge  are: 

a.  Wear  Reducing  Liner 

h.  Lacing  Jacket 

c.  Center  Core  Igniter 

d.  Flash  Reducer 

Each  of  these  steps  also  eliminates  the  attendant  finishing  line 
operation  and/or  assembly.  Table  VIII  is  an  example  of  the  number  of  steps  re¬ 
quired  to  assemble  the  M203  charge.  Steps  2,  5,  7,  9,  10,  11  and  12  are  no  longer 
required  and  steps  4  and  6  are  reduced.  The  man-hour  requirements  are  reduced 
bv  over  60%.  Cost  of  the  LAP  operations  for  the  M203  charge  and  estimated  LAP 
costs  for  stick  propelling  charges  are  shown  in  Table  IX. 
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TABLE  VIII 


LABOR  STANDARDS 

155MM  M203A1  -  SCHEDULE  465/DAY 
LOAD  LINE  68 


MAN-HR 

PCS/ 

MAN¬ 

% 

100  CHC 

PCS/ HR 

6.83  HR 

NING 

UTIL 

1. 

Transfer  Powder  A  Inerts  to  Line 

.7149 

139.9 

955 

1 

44 

2. 

Dump  Powder  into  Hopper 

.3078 

324.9 

2218 

1 

19 

3. 

Weigh,  Powder  A  Sew  Booths  3  A  7 

1.478* 

67.7 

462 

2 

45 

4. 

Load  Powder  into  Bag  Booths  3  A  7 

2.6740 

37.4 

255 

2 

82 

5. 

Assemble  Igniter  to  Charge  Booths 

4  A  8 

3.488t 

28.7 

196 

3 

71 

6. 

Sew  Igniter  to  Charge  Booths  4  A  8 

1.3603 

73.5 

502 

2 

42 

7. 

Distribute  Igniters  A  Inerts  to 
Booths  A  Repair  Charges 

.2502 

399.7 

2729 

1 

- 

8. 

Material  Handling  in  the  Aisle 

1.0788 

92 .7 

633 

1 

66 

9. 

Supply  Charge  to  the  Lacers  A  Clip 
Threads 

1.1982 

83.4 

570 

1 

74 

10. 

Tie  Flash  Reducer 

2.4550 

40.7 

278 

2 

76 

11. 

Lace  Charge 

7.1870 

13.9 

95 

5 

88 

12. 

Attach  Cap  A  Wrap  Charge  A  Secure 
Tape 

2.1382 

46,.  7 

319 

2 

66 

13, 

Supply  Cans  A  Lids,  Distribute 
Packing  Material 

1.3584 

73.6 

502 

1 

84 

14. 

StuTf  Charge  in  Cans 

1.0114 

98.9 

675 

1 

62 

15. 

Tack  Cans  A  Assemble  Lids 

1 . 28i; 

78.-1 

533 

1 

79 

16. 

Air  Test  and  Assemble  Wire  and 
Plugs  to  Can 

0.7659 

130.6 

891 

1 

47 

17. 

Stencil  the  ,Cans 

0.4670 

214.1 

1462 

1 

29 

18. 

Repair  Rejected  Cans 

- 

- 

- 

w 

19. 

Load  Finished  Cans  in  Trailer 

0.2594 

385.5 

2632 

1 

16 

20. 

CHIEF  OPERATOR 

-  •  • 

- 

2 

TOTAL  .  31 
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TABLE  IX 


M203  AND 

STICK  PROPELLING  CHARGE 

LAP  COSTS 

H203A1 

Stick  Propelling  Charge 

Liner 

4.75 

2.50 

(Lead  +  Hear  Reducer) 

Bag  Mfg.  Lacing  Jacket 

23,00 

12. Q0 

Flash  Reducer 

2.00 

0 

Igniter  LAP 

12.25 

7.10 

Finish  Line  LAP 

45.60 

26.00 

Pallet  LAP 

4,00 

9.00 

Maintenance 

0.40 

0.40 

97,00 

52,00 

The  CGsts  shown  in  Table  IX  also  include  the  coat,  of  blac’-  powder,  nitrocellulose 
for  the  center  core  and  quality  control. 

Eacilitization  costs,  mainly  to  provide  an  automated  assembly  of  the  stick 
bundles  is  as  follows: 

175,000  charges/yaar  -  $1,22  million 
236,000  charges/year  -  $1.72  million 

The  above  effort  requires  a  two-year  MMT  effort  of  approximately  $1  million. 
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C.  Stick  Propelling  Charge  Cost  Estimates 

The  current  cost  of  the  M203  charge  as  reported  by  ARRCOM  is  $2*0 
and  includes  the  cost  of  all  transportation,  that  is,  transportation  from 
the  propellant  manufacturing  plant  to  the  LAP  facility,  transportation  within 
the  LAP  facility  and  finally,  transportation  of  the  product  to  its  point 
of  destination.  The  value  quoted  by  ARRCOM  f  <r  this  service  is  $50.  The 
costs  provided  by  ARRCOM  fox'  M203  charge  costs  are  as  follows: 


W/Transportation 

W/C  Ti'anspor 

LAF 

121.52 

95.12 

Propellant 

63.50 

54.39 

Nitroguanidine 

24.50 

19.17 

Black  Powder' 

0.75 

0.59 

Nitrocellulose 

0.76 

0,60 

Engineering 

6.59 

5.13 

QC 

0.71 

0.56 

Proof  6  Acceptance 

5.67 

**.44 

230.00 

180.00 

On  the  basis  of  the  above,  the  cui'rent  cost  of  the  propellant  ($54,39+ 
$19,17  per  26  lb  charge  v:as  determined  to  be  $2. 83/lb.  The  nitx'oguanidine  is 
delivered  GFM  to  Radford  and  costs  $1.55  a  lb  ( $19. 17/12 . 41bs  per  charge).  The 
gi'anulai'  M^QAl  propellant  cost  is  $2. 83/lb  or  $73.56/charge. 

The  s^iok  propellant  costs,  shown  in  Table  VII,  are  it  FY81  dollars. 

The  costs  worj  normalized  to  FY80  dollars  using  a  9%  inflation  rate.  The 
M31A1  stick  propellant  cost  is  then  estimated  to  be  $8.1S/lb  (batch)  or  $3.55 
(automated  take-away).  These  costs  include  the  cost  of  the  nitroguanidine. 

The  propellant  cost  for  each  charge  then  becomes  $239  for  the  batch  process 
($8.  H  23. 5  lb) and  $10**  for  the  automated  ($3,55  x  29.3). 

The  cost  estimate  1  or  the  stick  propellant  is  shown  in  Table  X.  These 
estimates  are  based  on  the  use  of  a  cloth  bag  to  package  the  stick  propellant. 
Table  XI  summarizes  the  costs  for  a  charge  which  uses  a  combustible  case,  the 
UK  Cartridge  III  and  the  data  shown  in  Table  XI*  Also,  there  is  a  projected 
reduction  in  the  cost  of  the  M30A1  granulax’  propellant  manufacture  on  the 
CAMEL  plant;  (  $0. 50/lb  reduction)  and  an  additional  M203  propelling  chai'ge 
reduction  related  to  the  automated  LAP  facility  (<v  $20.00  reduction). 

Automation  of  stick  propelling  chai'ge  LAF  is  estimated  to  reduce  pro¬ 
jected  LAF  cos* s  by  $21,  It  is  generally  maintained  that  the  facilitiaation 
of  CAMEL,  automated  LAP  and  automated  take-away  and  sorting  of  stick  propel¬ 
lant  are  7  +-q  iq  years  in  the  futui'e. 
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The  original  design  of  the  stick  propelling  charge  contains  a  cloth  bag 
without  the  corsetting  jacket.  In  the  course  of  this  study,  it  was  deemed 
worthwhile  to  consider  the  use  of  a  combustible  case.  This  approach  offers 
advantages  for  a  near  term  charge  and  growth  potential  relating  to  automated 
load  of  artillery  charges  for  ESPAWS. 

The  potential  near  term  advantages  are  (1)  ability  to  incorporate  a  wear 
additive  into  the  case  to  further  .increase  wear  life,  (2)  a  potential  low  peak 
pressure  temperature  sensitivity  of  the  charge  and  (3)  ease  of  handling  and 
rigidity.  The  reduced  temperature  sensitivity  has  been  reported  through  a 
"Report  of  Visit"  by  BRL  personnel  to  Europe  in  June  1979.  Further  details 
on  the  data  have  been  requested.  The  observations  on  reduced  temperature 
sensitivity  have  recently  been  confirmed,  however,  in  discussions  with  Mr-.  T. 

Page  of  the  U.  K. 

The  cost  impact  on  the  use  of  a  spiral  wrap  combustible  case  is  an  approxi¬ 
mate  $13  increase.  This  is  based  on  the  use  of  a  spiral  wrap  combustible  case  in 
which  a  manufacturing  cost  of  $25  is  projected,  as  opposed  to  the  bag,  which  is 
approximately  $12.  The  projected  manufacturing  cost  of  the  cartridge  case  via 
the  felting  process  is  approximately  $45. 
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TABLE  X 

STICK  PROPELLING  CHARGE  COST  ESTI.4ATE* 
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TABLE  XI 


APPENDIX  A  -  WEAR  LIFE  CALCULATION 

i 

TW  =  1,096  (Tf  -  TC  -  600)  (cp)2 

~ar 

TW  =  Tube  Wear  Rate 
Tf  =  Flame  Temperature  °K 

TC  =  Correction  for  additive;  300°K  for  bag  charge 

C  =  Charge  Mass  (Kg)  Kilograms 
P  =  Peak  Pressure  (MPA)  mega  pascals 

d  =  Bore  Diameter  Inches  (in) 

W  =  .  4216  (Exp)  (.  0049TN)  mm  x  104 

" fa- 
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APPENDIX  B 


1.  Compute  muzzle  temperature,  T  ,  and  pressure,  P^,  using  a 

•tandard  interior  ballistic  code.  Gas  velocity,  ,  it  projectile  exit 
s  given  by  the  projectile  muzzle  velocity. 

2.  Compute  stagnation  temperature,  ,  at  muzzle  exit: 


i  t 

I  \ 


T  =  T  ♦  U  /(2C  )  C  =  specific  heat  of  muzzle  r~ses. 

s  m  in  v  pnr  pm  * 


3.  Compute  temperature,  T,,  after  isentronic  expansion  to  atmospheric 


pressure,  P  : 

a 


T,  ="WPm> 
z  mam 


(y-1)/y 


Y  -  specific  heat  ratio 


4,  Compute  Mach  Number,  K  of  flow  enter. ng  shock: 


M2  =  [2Ts/T2(y-1)J  -2/(y-1) 


5,  Compute  after  shock  conditions,  M, .  T. ,  P£: 

o  o  o 

m6  ■  (M22  *  rr)/(w  m22  -  ” 


t6  -V"  *  T1^2) 


^  V1  '  <m22 


6.  Expand  i sentropically  to  atmospheric  pressure  and  compute 
temperature,  T&: 


T7  =  T6  ‘W 


(y-i)/y 
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APPENDIX  B  (CONT) 


7.  Compute  the  flow  velocity,  U7,  after  expansion: 

U7  *  l‘Ts  -  V2Cp.'''2 

8.  Compute  specific  heat,  Cg,  and  velocity,  Ug,  of  mixture  as 
function  of  mass  mixturepratio,  r: 


C  _  =  rC  , 
p8  pi 

♦  d-r)Cnm 
pm 

CP1 

=  specific  heat  of  air 

U8  =rUl 

*  (l-r)U7 

U1 

=  velocity  of  air  =  0 

9.  Compute  stagnation  temperature. 

Ts8 

of  mixture: 

Ts8  =r 

<VV  TS1  *  (1-rl 

<WTs 

T  =  stagnation  temperature 
Sl  of  air  =  T 

a 


10.  Definition  of  Tsg  is: 

Ts8  ”T8  *  ‘U8/JV 

11.  Compute  temperature,  Tg,  for  Case  C  analysis: 

T8  *  r‘VCp8>  T.  *  T,  -  d-r)V/JCp8 

These  equations  give  results  virtually  identical  to  the  corrected, 
but  more  cumbersome  Carfagno  equations. 
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APPENDIX  C 


GAGE  POSITIONS  FOR  BLAST  PRESSURE  READINGS 
N203  -  155MM  SYSTEM 


Gage  Position 

Gage  Number 

Gage  Calibration 
( volts /pa i) 

Angle  from 
R1/R3  Vector 

Distance 
frost  Nuzzle 
<R2)  @  Zero 
Elevation 

9 

29 

.26 

90° 

13.5  ft 

7 

26 

.22 

o 

o 

<o 

20.0  ft 

5 

22 

.265 

30° 

26.50  ft 

8 

31 

.24 

60° 

34.0  ft 

3 

28 

.21 

a° 

29.6  ft 

4 

27 

.22 

0° 

44.1  ft 

Center  of  pencil  gage  crystals  were  S  ft  above  ground. 
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APPENDIX  C  (CONT. ) 

GAGE  POSITION  -  MHO  HOWITZER 


FR  No.  P-62634 
3 


Muzzle-blast  overpressures  war*  record  ml  using  pancil-typ*  gages 
with  piezoelectric  crystals  (NOD  LC33  pressure  transducers). 
Sea  figure  1  for  bloat-gage  locations. 


Poe  3 

+ 


Pos  A 
♦ 


Pos  1 

+ 


a 


Poll  2 


\ 


Pos  5 
♦ 


Pos  6 
♦ 


Position  1: 

Position  2: 

Position  3. 

Position  4: 

Position  5: 
Position  6: 


Center  of  No.  1  gunner's  seat,  30  inches  above  hori¬ 
zontal  surface  of  seat  (23  feet,  7-1/2  inches  from 
muzzle). 

Center  of  No.  2  gunner's  seat,  30  inches  above  hori¬ 
zontal  surface  of  seat  (24  feet,  2-1/2  inches  from 
muzzle). 

On  center  line  of  trunnions,  5  feet  out  from  left  side 
of  vehicle,  6  feet  above  ground  (26  feet,  4-1/2  inches 
from  muzzle). 

On  center  line  of  rear  roadwheel,  5  feet  out  from  left 
side  of  vehicle,  6  feet  above  ground  (30  feet,  4 
inches  from  muzzle). 

Twenty  feet  to  the  rear  of  the  weapon  on  its  center  line, 
6  feet,  6  inches  above  ground  (50  feet  from  muzzle). 
Twenty  feet  to  the  rear  of  the  weapon  on  its  center  line 
and  30  feet  right ,  6  feet ,  6  inches  above  ground  ( 57 
feet,  6  inches  from  muzzle). 


Figure  1.  Blast  gage  locations. 
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APPENDIX  D 


GENERAL  BLAST  FIELD  SOLUTION 

FOR  ALL  CLOSED  BREECH  WEAPONS 

K  ** 

Overpressure  (  p)  *  T 

C2  L 

(pel) 

where  C  ■ 

bore  diameter 

(in) 

L  * 

inbore  shot  travel 

(in) 

K  = 

dimensionless  isobar  constant 

V 

thermal  energy 

(in. lbs. ) 

h  -  ep1x” 

(ft.  lbs.) 

.85J 


where  E 

A 


H 


total  energy  available  in  propellant 
«  1.4  x  103  (Hc)  («c) 

=  beat  of  explosion  of  propellant 
=  weight  of  charge 

=  kinetic  energy  of  projectile 

=  "p  <Vo)2 
2 


H 

P 


V 

o 


mass  of  projectile 


(ft.  lbs.) 
(cal/gm) 


(lbs.]i 


(ft. lbs.) 


3C 


muzzle  velocity 


(ft. sec- ) 


(radians ) 

a 

C.U32 

b 

-0.02396 

d 

38.0 

€ 

0.03229 

f 

-0.001215 

293 

0.0971 

-0.09871 

92.0 

0.09200 

0.0 

197 

0.05603 

-0.000228 

92.0 

0.05617 

+0.009501 
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y  ‘ ***.»- >T  DRAWINGS 


1.  Body  end  Line  Assembly 

2.  Base  Igniter  Assembly 

3.  Body  and  End  Assembly 

4.  Complete  Igniter  Assembly 

5.  Charge  Prop  for  155MM  Howitzer  M198 
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